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Pathogenic bacterial colonisation in Cystic Fibrosis patients is associated with a poor prognosis; thus, protective measures need to be taken to
prevent their transmission. We studied the extent of contamination in the environment of hospitalised children with cystic fibrosis (CF) associated
with specific activities.
We assessed the levels of bacterial contamination in 432 air and surface samples collected from various locations in our CF centre over a three-
month period: the bedrooms, corridor, communal showers, school, leisure centre and the respiratory functional explorations (RFE) unit. Sta-
phylococcus aureus and Pseudomonas aeruginosa strains found in bedrooms and the RFE were compared with those found in patient
expectorations using pulsed field gel electrophoresis.
In all sampling locations, there were high levels of airborne contamination just after the presence of patients or nursing staff. In the bedrooms,
the amount of S. aureus or P. aeruginosa in the air, at wake-up and after physiotherapy, were significantly higher than that after the bedroom had
been cleaned. For P. aeruginosa, 33% of isolates were multiresistant to antibiotics; 50% of the colonised patients had the same P. aeruginosa
strain in their sputum as in air taken from their bedroom. P. aeruginosa was detected in 23% of samples taken from the surfaces in the showers
after patient washing. Very low levels of pathogenic bacteria were found in samples from the other locations.
Overall, activities with the highest risk of contamination in the CF ward are physiotherapy and washing in the communal shower room. We
therefore recommend to open windows after physiotherapy and to implement a strong decontamination after showers.
© 2008 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.1. Introduction
Children with cystic fibrosis (CF) are frequently hospitalised,
particularly those requiring intravenous antibiotics for Pseudo-
monas aeruginosa and Staphylococcus aureus infections. A
number of reports have assessed the frequency of cross-
contamination of Burkholderia cepacia [1,2] or P. aeruginosa
strains during prolonged contact, in particular between CF
siblings or between patients during holiday camps [3,4] and even⁎ Corresponding author. Laboratoire de Microbiologie, Hôpital Necker-Enfants
Malades, 149 rue de Sèvres, 75015 Paris, France. Tel.: +33 1 44 49 49 61; fax: +33 1
44 49 49 60.
E-mail address: agnes.ferroni@nck.ap-hop-paris.fr (A. Ferroni).
1569-1993/$ - see front matter © 2008 European Cystic Fibrosis Society. Publishe
doi:10.1016/j.jcf.2008.05.001in hospital [5–8]. However, contamination from the environ-
ment remains difficult to demonstrate [9,10]. Patients colonised
with these bacteria may be contaminated either directly by cross-
contamination, for example at the time of cough or expectora-
tion, or undirectly via the hands of the nursing staff or the
environment (e.g. toys, books or medical devices). Transmission
may occur at various locations within hospital, including hos-
pital wards, waiting rooms, classrooms and rooms for phy-
siotherapy. The colonisation of pathogenic bacteria in CF
patients is associated with a poor prognosis; thus, preventative
measures need to be taken to improve hygiene and prevent
nosocomial transmission.
No studies have evaluated the potential risk of transmission
of pathogenic bacteria associated with specific activities. Wed by Elsevier B.V. All rights reserved.
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CF center using air and surface samples before and immediately
after various activities or patient care sessions. We took air and
surface samples at particular times of the day from locations most
frequented by these children during their hospital stay: clinical
wards, school, leisure centre and the respiratory functional
explorations (RFE) unit. Environmental pathogenic bacteria were
compared to the respiratory bacteria of CF patients.
2. Materials and methods
2.1. Bacterial cultures
The air sampleswere taken using the air test omega® apparatus
(LCB, La Salle, France). Airborne particles are impacted onto
agar plates by aspiration of 250 l of air. Surface samples were
taken using contact media plates (count-tact®, BioMerieux,
Marcy l'Etoile, France) deposited on flat surfaces during 10 s. For
other surface samples, sterile cotton swabs moistened with sterile
distilled water were rubbed over an area of approximately 25 cm2.
Three culture media were used for air samples: trypticase
soja (TS) medium (BioMerieux) for total flora counts; Chapman
medium (BioMerieux) for the growth of S. aureus; and
cetrimide medium (AES Laboratoires, Combourg) for selective
growth of P. aeruginosa. For non-flat surfaces, samples from
swabs were diluted in sterile distilled water, aliquots of which
were used to inoculate each of these three media. Sample
cultures were incubated for 72 h at 37 °C, and colonies were
counted. Numbers of airborne bacteria are reported in colony
forming units (CFU) per m3 of air. Quantification of surface-
derived bacteria is reported in CFU per 25 cm2. Bacteria were
identified using conventional methods. A standard antibiogram
was carried out for each pathogenic bacteria isolated.P. aeruginosa
strains showing resistance to beta-lactamines (ticarcilline,
pipéracilline, ceftazidime, aztreonam, imipenem), aminosides
(tobramycine, amikacine) and quinolones (ciprofloxacine)
were considered multiresistant.
2.2. Comparison of pathogenic strains
Pathogenic strains in patients' flora were obtained from the
last expectoration before environment sampling. Environmental
strains were obtained from their closed environment: bedrooms,
showers and the respiratory functional exploration unit.
Environmental and patients strains were compared using
pulsed field gel electrophoresis, as previously described [11,12].
Briefly, PFGE was performed after restriction endonuclease
digestion of whole chromosomal DNAwith SmaI (S. aureus) or
SpeI (P. aeruginosa). The restriction fragments were separated
on a 1% agarose gel by a contour clamped electric field (CHEF
mapper DRII apparatus, Bio-Rad Laboratories, Richmond,
USA) for 24 h at 14 °C.
2.3. Location of sampling
Samples were taken from the CF hospitalisation ward,
leisure centre and RFE unit.2.3.1. CF ward
2.3.1.1. Bedrooms. CF children were in individual bedrooms.
Air samples were taken from the bedrooms at three times during
the day: in the morning at wake-up, after physiotherapy and
after cleaning of the rooms at the end of the morning.
2.3.1.2. Shower rooms. Samples were taken from two
showers used by all children in the unit. Both showers
communicate onto the same space above. Air and surface
samples were collected in the morning before the first shower,
and after the shower of each CF patient. Surface samples were
taken from the pommel and handle of the shower.
2.3.1.3. Ward corridor. The central corridor of the service
gives access to the rooms and care station. Air samples were
taken in the morning, after the floor was cleaned (little activity),
and in the middle of morning when the doctors visit the patients
(substantial activity).
2.3.1.4. School. The unit has its own school. All hospitalised
children from four years of age can attend. Air and surface
samples were taken before and after the class. Surface samples
were taken from surfaces that were in frequent contact with the
children: desks, computer keyboards and school books.
2.3.2. Leisure centre
The leisure centre is not exclusively for members of the
cystic fibrosis unit; it is open to all children in the hospital.
Activities offered to the children included table football, visual
arts, photo workshops, computer games, videos and music. Air
and surface samples were taken in the main room when the
center opened and at the end of the afternoon just after the
children left. Surface samples were taken from surfaces that had
been in contact with the children: tables, computer or
videogame keyboards and handles of table football.
2.3.3. RFE unit
Air and surface samples were taken in the RFE room before
the beginning of the programme and after each CF child.
Samples were taken from two pieces of apparatus: the
spirometer and the plethysmograph. For the spirometer,
samples were taken from the chair that the child stood on,
the table supporting the apparatus, and the tip of the spiro-
meter. For the plethysmograph, samples were taken from
the pane and handle of the cabin, and the end piece of the
plethysmograph.
2.4. Data processing
Datawere analysed using the software EPI INFO®. Statistical
comparisons were made using the Kruskal–Wallis test.
3. Results
During the three-month study period, 302 samples of air and
130 samples of surface were taken. The patients included in the
Table 1
Microbiological characteristics of air samples from patient bedrooms
Wake-up After
physiotherapy
After
cleaning
Number of samples 121 81 9
Germs CFU/m3 average 583.4 709.2 278
(Min–Max) (52–2096) (28–2240) (112–656)
Number of P. aeruginosa-positive
samples
7 11 0
Number of P. aeruginosa CFU/m3
average
154.3 40.7 –
(Min–Max) (8–976) (4–188)
Number of S. aureus-positive
samples
11 7 3
Number of S. aureus CFU/m3
average
33.8 153.1 17.3
(Min–Max) (8–80) (8–800) (12–24)
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(29 patients), showers (16 patients) or RFE unit (11 patients).
3.1. Bedrooms
Air samples were taken from 12 rooms comprising 29
consecutive patients. Eighteen patients were chronically colonised
with P. aeruginosa including 8 patients colonised with S. aureus
(6 chronically colonised and 2 intermittently colonised), 4 patients
were intermittently colonised with P. aeruginosa including 2
patients chronically colonised with S. aureus, 7 patients were
colonised with S. aureus (2 chronically colonised and 5
intermittently colonised).Fig. 1. PFGE profiles between environmenAn average of eight repeat air samples (range: 1–18) were
taken for each patient, depending on duration of their
hospitalisation. Bacteria found in air samples taken at waking
up, after physiotherapy and after cleaning are reported in Table 1.
P. aeruginosa and S. aureus were recovered in respectively 18
and 21 samples. Six strains of P. aeruginosa (33%) were
multiresistant to antibiotics. P. aeruginosa was not identified in
any samples taken after cleaning. Two strains of S. aureus
(9.5%) were resistant to oxacillin. During this study, 22 patients
had P. aeruginosa sputum colonisation. For 12 of the 22
P. aeruginosa colonised patients (50%), P. aeruginosa was
recovered in the air sample of their bedrooms. In 6 cases, the
strain was genetically identical in their sputum and air sample
(Fig. 1).
Seventeen patients had S. aureus sputum colonisation. For 6
of them, S. aureus was recovered in the air sample of their
bedrooms. No strains identified in patient samples were
identical to those isolated from air samples.
The total number of bacteria was significantly higher at
waking up and after physiotherapy than after cleaning
(Kruskal–Wallis test: p=0.03 and p=0.005, respectively).
3.2. Showers
Among the 16 patients whose air was taken from showers, 10
patients were chronically colonised with P. aeruginosa includ-
ing 4 patients colonised with S. aureus (3 chronically colonised
and 1 intermittently colonised), 2 patients were intermittently
colonised with P. aeruginosa, including 1 chronically colonisedtal and sputum P. aeruginosa strains.
Table 2
Microbiological characteristics of environmental samples from the showers
Before the first shower After a patient's shower
Air Surfaces Air Surfaces
(/m3) (/25 cm2) (/m3) (/25 cm2)
Number of samples 9 20 19 26
Average number of
bacterial CFU
428.9 133 2007.3 279
(Min–Max) (260–704) (7–154) (224–9680) (2–1000)
Number of positive
samples with
pathogenic germs
0 0 3 S. aureus 6 P. aeruginosa
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480 A. Ferroni et al. / Journal of Cystic Fibrosis 7 (2008) 477–482with S. aureus, 4 patients were colonised with S. aureus
(3 intermittently colonised and 1 chronically colonised).
Samples were taken from the showers and findings are
reported in Table 2. No air samples contained P. aeruginosa.
S. aureus was recovered in air samples after showers of three
S. aureus-colonised patients (average: 212 CFU/m3; range: 44–
480). One of these strains was resistant to oxacillin. Strains
isolated from clinical samples were different from those from
environmental samples. The number of bacteria isolated after a
shower was significantly higher than the number of bacteria
isolated beforehand (Kruskal–Wallis test, pb0.05).
P. aeruginosa was found in 6 (23%) of the surface samples
taken from the showers after patients had washed, including one
strain multiresistant to antibiotics. Five of these positive samples
were found after washing of P. aeruginosa colonised patients,
but environmental strains were different to clinical strains. No
P. aeruginosa was detected in surface samples before washing.
The oxacillin sensitive S. aureus strain detected after
washing of a colonised patient in a shower handle was dif-
ferent to the clinical strain.
3.3. Corridor, school, leisure centre, RFE unit
Samples were taken from the corridor, school, leisures
center and RFE unit; bacteriological findings are reported in
Table 3. In each of these different locations, the total number of
bacteria recovered in air samples was higher after the activity
period, the difference being significant only for the classroom
(Kruskal–Wallis test, p=0.02).
MultiresistantP. aeruginosa strains were found at low density
(4 CFU/m3) in air samples taken from the leisure centre at the
start of the active period. Higher densities of P. aeruginosa
(2400 CFU/m3), sensitive to all antibiotics tested, were isolated
from corridor samples during a period of substantial activity, The
six isolates of S. aureus found in air samples taken from these
various locations were all sensitive to oxacillin.
Among RFE patients, 5 were hospitalised in the general
pediatric ward and 6 were outpatients from the general
pediatric ward or pneumologic ward. Four patients were
chronically colonised with P. aeruginosa including 3 patients
chronically colonised with S. aureus, 4 patients were
chronically colonised with S. aureus including 1 patient inter-
mittently colonised with P. aeruginosa, 1 patient was
intermittently colonised with S. aureus, 2 were not colonised.
481A. Ferroni et al. / Journal of Cystic Fibrosis 7 (2008) 477–482No P. aeruginosa was isolated from air samples. One strain
of S. aureus was detected from the air sample taken from the
plethysmograph after its use for a colonised CF child. This
strain was genotypically different from the isolate taken from
this patient.
No P. aeruginosa was isolated from surface samples. The
five S. aureus isolates from surface samples were sensitive to
oxacillin.
4. Discussion
We collected over 430 samples from air and surfaces that CF
patients were exposed to, with the aim to evaluate the risk of
bacterial transmission through the patients' environment. The
CF centre of the Necker-enfants malades Hospital cares for a
cohort of 350 patients and 40% of them are colonized with
P. aeruginosa. Children spend most of their hospitalisation time
in their bedrooms (on average 15 days for antibiotic treatment).
They are isolated in their bedroom but there is no separated
ward for P. aeruginosa infected and non-infected patients
during hospitalisation. There is no common meal and visit from
other patients in the bedrooms, to prevent transmission from
coughing or sneezing. Patients carrying oxacillin resistant
S. aureus or multiresistant P. aeruginosa are not allowed to
leave their room. All environmental surfaces are cleaned once a
day with a cleaning disinfectant solution containing didécydi-
méthylammonium chloride 0.25% (surfanios, Anios) using one
vial per bedroom. If P. aeruginosa is isolated several times in
faucet water, the faucet is disinfected with bleach 9%. Every
week, and also after the release of patients, a descaling of
faucets and shower pommels is performed. The two main
measures for patients are towear amask outside the bedroomand to
wash hands after coughing, using soap and water or hydroalcoolic
solutions. For the medical and nursing staff, a repeated washing of
hands is recommended, and theymust wear gloves in the bedrooms
in case of patients colonised by resistant strains.
During the study, samples were taken from the bedrooms at
three major points during the day: in the morning after waking
up, when the room had accumulated bacteria expired during the
night; after physiotherapy, releasing respiratory droplets into the
air; and at the end of the morning, when the rooms had been
cleaned up when the risk of environmental contamination should
be weakest. Enough air samples (211) were taken from the
bedrooms to estimate potential risk of contamination from the air
at these various times. The time of highest risk of contamination
was after physiotherapy, duringwhich the patient emits secretion
droplets while coughing, thus releasing bacteria into the air
including pathogenic bacteria from the sputum. It is known that
the transmission of P. aeruginosa by large particule droplets can
occur if a patient coughs or sneezes in the direction of a non
colonised patient in close proximity, i.e. less than 1 m. (the
airborn transmission by small particles is not believed to be
relevant for transmitting respiratory pathogens typically asso-
ciated with CF). As 14% of air samples taken after physiotherapy
were positive for P. aeruginosa, it can be speculated that there is
an increased risk of environmental contamination after
physiotherapy.The identity between patients and environmental strains for
50% of colonised patients, proved by PFGE, shows that the
contaminated particles can remain in the air even after cessation
of coughing or in a confined atmosphere, as found after a night
sleep. This leads to a risk of cross contamination, possibly with
multiresistant germs (33% of P. aeruginosa found in air
samples are multiresistant to antibiotics).
S. aureus strains identified in patient samples were all
different to those isolated from air samples. An explanation
would be the lack of sensibility of the air culture, or, for some
patients, the weak and/or intermittent colonisation. In addition,
S. aureus strains are known to be transmitted predominantly by
surfaces or direct contact.
A previous survey in 1999 in our hospital investigated the risk
of environmental contamination after physiotherapy for out-
patients attending consultations. The authors took several air and
surface samples from the consultation wards between each
respiratory physiotherapy session. Similarly, this study showed
extensive contamination in the air [13]. Thus, it is necessary to
reduce the risk of contamination from the air as much as possible,
for example by opening the windows after physiotherapy.
Given the large number of bacteria isolated from air samples
collected in the different locations just after the presence of
patients or nursing staff, precautions need to be taken to avoid
contamination from aerosols. Indeed, a non-colonised patient in
the vicinity of a colonised patient should wear a mask to avoid the
dissemination of his germs after coughing. Similarly, non-
colonised patients must protect themselves from cross-contam-
ination bywearingmask. The regrouping of children at the school
and leisure centre can lead to transmission of microbes from one
child to another. Thus, the organisers and teachers must be aware
of the risks associated with children not wearing their masks.
Showers are at great risk of germs transmission. In our study,
P. aeruginosa was found in 23% of samples taken from wet
surfaces after washing. This is consistent with previous reports
that wet surfaces provide a particularly favorable environment
for this germ [9,14]. Moreover, the surfaces and the water can
be contaminated by droplets of infected patients. Indeed, the
children do not wear a mask during their shower and they often
spit when they wash. Thus there is a risk of indirect transmission
by aerosolised contaminated water in the communal showers.
As it is not possible to wear a mask during shower, all surfaces
must be cleaned up between each patient if the showers are
common. If there are individual showers in patients bedrooms,
the cleaning must be done every day. In addition, it is important
to organise the order in which the children use them according
to their microbial colonisation.
The RFE unit potentially carries a high risk of environmental
contamination, particularly into the confined space of the
plethysmograph cabin. Indeed, children are required to blow
into the pieces of apparatus, making them cough. However, no
P. aeruginosa was isolated in air or surfaces of RFE unit.
Nevertheless, as the number of included chronically colonised
patients is very low, no interpretation can be drawn from these
results. A previous study found P. aeruginosa in 12% of air
samples, with particularly high levels of contamination after
spirometry or nebulisation, thus demonstrating potential
482 A. Ferroni et al. / Journal of Cystic Fibrosis 7 (2008) 477–482transmission by aerosols; three of the seven P. aeruginosa
strains isolated were identical to epidemic strains involved in
patient to patient transmission [15].
Very few studies have showed the potential risk of contamina-
tion through environmental surfaces. Zimakoff et al. [16] showed
that P. aeruginosa can persist in dried sputum for at least one
week. They also isolated similar strains on various surfaces (inks,
soap, bath toys, tables, brushes, cloths) as those recovered from
patients. These findings and those of our study suggest that
hygiene measures need to be applied especially stringently in the
environment of hospitalised cystic fibrosis patients, particularly
because these patients are frequently contaminated with multi-
resistant strains of P. aeruginosa. However, if standard hygiene
rules are respected, surface contamination should only play a tiny
part in the transmission of this pathogen [17]. Hoiby et al.
estimated the risk of cross infection in a CF centre, and showed
that the incidence of chronical P. aeruginosa infections was cor-
related with the increased contact density between infected and
non-infected patients [18]. Separation between different groups of
patients (multiresistant P. aeruginosa colonized patients, sensitive
P. aeruginosa colonized patients, and non-colonized patients) as
well as the reinforcement of hygiene staff and environment proved
reliable in the reduction of the incidence of nosocomial infections
[17,18]. Recommendations are now available for the isolation of
CF patients [19].
The nosocomial transmission of S. aureus among CF patients
is less studied than that of B. cepacia or P. aeruginosa [20,21],
undoubtedly because these two bacteria are associated with a
poorer prognosis. One study showed that S. aureus is found in
equal quantities in the hospital and places of residence of the
patients, particularly on inert surfaces; it was less frequently
isolated from the places of residence of non-CF children [22].
We did not find high levels of S. aureus contamination in the air;
but, unlike P. aeruginosa, we did find this germ on dried
surfaces. Furthermore, some of the strains from air and surface
samples were resistant to oxacillin. S. aureus can survive a long
time on inert surfaces; thus, it is important to adopt strict
hygienic precautions, particularly in communal rooms.
In conclusion, we demonstrate that activities conferring the
highest risk of cross-contamination with P. aeruginosa were
physiotherapy and washing in the shower room. In addition to
hygiene measures, communal showers should be avoided for
children carrying multiresistant P. aeruginosa strains. Patients
should wear masks regardless of their bacteriological status,
with instructions explained regularly and systematically. The
strict isolation of patients carrying oxacillin-resistant S. aureus
strains is particularly recommended given that these bacteria
will grow readily in various locations.
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